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Discovery of the ionizing radiations:Discovery of the ionizing radiations:
an historical breakthroughan historical breakthrough

• Radioactivity was there before Earth was 
formed

• Man became aware of it only very 
recently, about 100 years ago, and the 
whole story is rather simple 

• When the Universe was born a lot of 
radioactive nuclides were produced: 
only those one having long decay times 
have arrived to our days



Year Discovery type Author

1895
1896
1898
1899
1934
1934
1939
1940
1942
1945

X-rays
Radioactivity

Radium & polonium
Ionizing power of radiation
Artificial radioactivity (alfa)

Artificial radioactivity 
(neutron)

Nuclear fission
Transuranium elements (Pu)

Atomic pile Chicago
1st nuclear bomb, New 

Mexico

W.C.Röntgen
H.Becquerel
M. & J.Curie
E.Rutheford  

I. Curie & F.Joliot
E.Fermi

O.Hahn & F.Strassmann
G.T. Seaborg et al.

E.Fermi
Los Alamos team



The first nuclear data evaluationThe first nuclear data evaluation

75 years ago…

with contribution from 
renowned  scientists!



Sources of Data: from paper to WEBSources of Data: from paper to WEB



Nuclear dataNuclear data
Nucleus properties (half-life, mass, spin, 
parity, binding energy, etc.)
Decay properties (mode of decay, branchings, 
associated radiations)
Cross-sections
Fission yields
Energy/angle distribution
Radiotoxicity
Derived data (e.g. isotopic power, specific 
activity , etc.)







• Cross section is a measure of the probability 
for a reaction between two particles to occur.

• Unit of cross section is the barn, which has 
the dimensions of area – analogy with target 
size.

• Microscopic cross section defines 
probability of reaction between neutron and 
an individual particle or nucleus, i.e. 235U.

• Macroscopic cross section defines 
probability of interaction between neutron 
and some bulk material, i.e. concrete

• Three most common types of reaction 
cross sections are absorption, fission and 
scattering.

Neutron Cross Sections (I)



Neutron Cross Sections (II)

238U Capture Cross Section, CEA

• Macroscopic cross section is related to mean free path (λ).
• λ is the average path length in material between two collisions.





Neutron Induced FissionNeutron Induced Fission

• Neutron transport calculations are 
complicated; one must resort to Monte 
Carlo techniques which are computationally 
expensive.

• A tool for analysis of neutron induced 
fission is included in Nucleonica: the fission 
yield module.

• It can be used to calculate the relative 
abundances of the various fission products 
for fissile radioisotopes.



Fission Yields

• Independent yield: number of 
atoms of a specified nuclide 
produced directly (after 
emission of prompt neutrons 
but excluding radioactive 
decay) per fission

• Cumulative yield: number of 
atoms of a specific nuclide 
produced directly and via decay 
of precursors per fission

• Chain yield: number of isobars 
of specific mass produced per 
fission

Fission Products

• Isotopes of more than 30 elements 
are observed as fission products

• Most of the fragments are far 
from stability and decay by β- or 
delayed neutron emission





Case study: Case study: 197197Au(Au(γγ,n),n)196196Au Au 
investigationinvestigation



Characteristic gamma lines fromCharacteristic gamma lines from
196196Au decayAu decay



Measurement of Measurement of γγ--spectrumspectrum





HalfHalf--life determinationlife determination
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T½ = 6.09 ± 0.26 days 





Prompt Gamma Rays / Neutron Prompt Gamma Rays / Neutron 
Activation AnalysisActivation Analysis



Database for prompt gamma ray Database for prompt gamma ray 
neutron activation analysisneutron activation analysis



Searchable Searchable DBsDBs
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